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‘functional’ and not ‘structural’
defect of hyphal elements
produced by the mutant strain.
Moreover, the identification of
this transcription factor
transcends the field of biofilm
research: it allows us to start
dissecting the filamentation
pathway(s) where Bcr1p seems
to act as a downstream
component of hyphal
developmental regulators by
coupling expression of a subset
of genes encoding cell surface
proteins to hyphal differentiation.
From the methodological point
of view, the construction and
screening of libraries of
transcription factor mutants in
this new study [13] represents a
clever and creative approach in
the C. albicans post-genomic era
that goes one step beyond mere
gene expression analysis (i.e.
DNA microarray analysis) to study
the complex pathways controlling
pathogenesis. In this strategy,
mutant strains are created for
each transcription factor gene
and the resulting strains are
tested for phenotypic defects and
then subjected to microarray
analysis to identify target genes
that have a direct role in the
phenotype under study (Figure 2).
As the authors of this study [13]
say, ‘transcription factors play
pivotal roles in numerous
developmental pathways, and
their potential to control
expression of functionally related
or redundant genes makes them
a valuable starting point for
analysis of biological processes’.
Thus, this novel screening
strategy should serve as a
paradigm for analyses of complex
biological processes in
C. albicans and other pathogenic
microorganisms with sequenced
genomes.
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In mammals, circadian rhythms of
behaviour and peripheral organ
physiology are controlled by
specialised paired structures
called the suprachiasmatic nuclei
(SCN), located in the ventral
region of the hypothalamus, close
to the bottom of the brain.
Perched above the optic chiasm,
these small nuclei are perfectly
placed to receive photic
information from the eyes via a
specialised neural tract,
originating in the retina and
terminating in the SCN. The SCN
conduct a complex repertoire of
clocks throughout the body, and
their destruction causes an overall
loss of circadian synchrony in
both the CNS and in peripheral
tissues and cells.
The distinguished
neuroanatomist Robert Moore and
colleagues [1] proposed that the
SCN should be subdivided into a
dorsal ‘shell’ and ventral ‘core’
(Figure 1). The core receives the
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A small cluster of ∼20,000 neurons in the ventral hypothalamus provide
the body with key time-keeping signals and drive circadian rhythms.
This circadian clock exhibits surprisingly complex substructures, with
inputs from the retina, and outputs to other brain structures. Rather
little is known of the neurotransmitters involved, or their regulation.
bulk of the input from the eyes —
the light input pathway — and the
neurons here typically contain
vasoactive intestinal polypeptide
(VIP) and gastrin-releasing peptide
(GRP). Intriguingly, results from
genetic or pharmacological
alteration of VIP and GRP
signalling in the SCN implicate
these neurochemicals in ‘photic
entrainment’ — the adjustment of
the circadian clock to match the
environmental light–day cycle —
re-inforcing the importance of this
ventral region in circadian rhythm
processes [2–5]. 
In contrast, the shell area of the
SCN is sparsely innervated by the
eyes and a key neuropeptide
made by neurons here is
vasopressin. The shell area
receives input from the core SCN
and other brain areas.
Spontaneous expression of
vasopressin and clock genes in
the shell shows circadian
rhythmicity, suggesting that this
area of the SCN functions as the
‘rhythm section’ of the circadian
clock [6]. Notably, the brain’s
prevalent inhibitory
neurotransmitter, γ-amino butyric
acid (GABA), is made by neurons
in both the shell and core of the
SCN.
Determining the functional
correlates of the core and shell
SCN, and how these differing sub-
compartments and cell types
communicate, has now emerged
as a key question in circadian
neurobiology. Johanna Meijer’s
group [7] has recently reported in
Current Biology a study which
provides remarkable insight into
how light may re-set the activity of
different compartments of the
SCN clock. 
Albus et al. [7] first observed
that both the dorsal and ventral
SCN show a unimodal peak in
electrical activity, occurring
around the middle of the ‘lights-
on’ phase. They then studied
brain slices collected from
animals at varying intervals after a
delay in timing of the
environmental lighting schedule.
Following such a phase-delay
experiment, they found that, 1 to 3
days later, both dorsal and ventral
SCN contain two separate
populations of neurons whose
activity is differentially phased,
with one population shifting
almost immediately while the
other maintains a stable phase-
relation corresponding to the
previous lighting cycle.
By day 6 after the light shift,
both populations were
appropriately synchronised. This
suggests that there are up to four
different oscillators operating in
the SCN. But when the
connections between the dorsal
and ventral SCN were severed, by
preparation of horizontal SCN
slices from light-shifted animals,
unimodal waveforms were found
in both the dorsal and ventral
SCN. Remarkably, the ventral SCN
oscillation reset immediately to
the new lighting cycle, while the
dorsal SCN remained closely
phased to the previous lighting
schedule. This suggests that the
dorsal and ventral regions
normally communicate with one
another to generate the bimodal
patterns and further that resetting
in the dorsal SCN is dependent on
input from the ventral SCN. 
Albus et al. [7] next attempted
to identify the brain chemical that
may link the sub-compartments of
the SCN. They found that long-
term blockade of GABA receptors
with bicuculline abolished
occurrence of the two populations
of cellular oscillators in both the
dorsal and ventral SCN and,
importantly, partially blocked the
phase-delay of peak firing in the
dorsal SCN. These new findings
reveal that GABA plays a critical
role in communication between
oscillators in the dorsal and
ventral SCN, and that resetting of
the dorsal SCN to new lighting
conditions is dependent in part on
a GABA input from the ventral
SCN.
Just over a decade ago, Moore
and Speh [8] published a short but
influential paper provocatively
titled “GABA is the principal
neurotransmitter of the circadian
system”. Building on their
research and that of others, these
authors surmised that GABA is
present, not only in most SCN
neurons, but also in key inputs to
and outputs of the SCN [9]. Within
the SCN, electrophysiological
dissection of GABA’s actions have
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Figure 1. Substructure of the mammalian SCN.
The glutamate-containing input from the eye innervates cells (red) in the ventral (V) part
of the SCN. These retinal-innervated cells project to cells (green) in the dorsal (D) SCN.
Some of these cells also form reciprocal connections (blue arrows) with neurones in the
ventral SCN. GABA is one of the key molecules used in signalling between the ventral
and the dorsal SCN. Studies in seasonally breeding Siberian hamsters show that on
long photoperiods, the diurnal pattern of the Period2 circadian clock gene is expressed
as an early “dawn” peak (dotted line) in the caudal (C) region of the SCN, with a later
“dusk” peak in the rostral (R) region, suggesting the operation of two oscillator popu-
lations. On short photoperiods (continuous lines), there is a single peak of similar
phasing in both rostral and caudal regions of the SCN. (Artwork by Raymond Evans.)
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proved to be fiendishly difficult.
One ground-breaking study [10]
found rhythmic variation in SCN
neuronal responses, with GABA
being inhibitory during the night
but unexpectedly excitatory
during the day. But other
researchers failed to replicate this
[11], and one group found
nocturnal excitatory actions of
GABA [12]. 
The new work of Albus et al. [7]
now offers a resolution of this
paradox. By simultaneously
recording from the dorsal and
ventral SCN, they found that
actions of bicuculline differ
significantly between these two
subdivisions. In the ventral SCN,
bicuculline is predominantly
excitatory at all phases of the
circadian cycle, whereas in the
dorsal SCN, bicuculline is
excitatory during the early and
middle parts of the day, but
switches to being inhibitory during
the late day/early night. Therefore,
in addition to playing a key role in
linking the dorsal and ventral SCN
oscillators, GABA also
differentially alters SCN neuronal
excitability; an effect that is both
time and location dependent.
Light:dark cycles also play a
crucial role in timing physiology
of seasonally breeding mammals,
and the activity of the SCN tracks
the annual light cycle, providing
the brain with a faithful
representation of changes in the
external environment. This is
crucial for survival, as hormonal
outputs timed by the SCN switch
on key pathways regulating
annual cycles of reproduction,
metabolism and hibernation. We
know rather little of how the SCN
oscillators re-set to seasonal light
cycles, but five years ago, Bill
Schwartz and colleagues [13]
made an interesting discovery in
the Syrian hamster. They cut
hypothalamic sections in an
unusual (horizontal) plane and
showed that the electrical firing
rates of SCN neurons are bi-
phasic, with the two peaks
tracking dawn and dusk,
respectively. Intriguingly, as
animals were exposed to
summer-like or winter-like
photoperiods, these two
populations of oscillators altered
their relative phasing, as they
adjusted to the new times of
dawn and dusk.
Fresh molecular insight now
comes from a study [14], reported
in this issue of Current Biology, of
the changing pattern of clock
gene expression in the SCN of
another seasonally breeding
hamster species, the Siberian
hamster. At the molecular level,
the operation of the circadian
oscillators depend upon the
cyclical interaction of a small
number of transcription factors,
conserved over very long
evolutionary time spans [15], and
studies of three of these genes —
Per2, RevErbα and dbp — reveal
that their rhythmical expression
varies in rostral to caudal
compartments of the SCN,
depending on the length of the
day (Figure 1). 
Hazlerigg et al. [14] found that,
with winter daylengths,
expression of clock genes rises
during the late night or early day,
and a similar pattern is seen
throughout the SCN. In contrast,
on long summer-like
photoperiods, two distinct waves
of clock gene oscillation are seen,
with an early peak in the caudal
region at around dawn, and a later
peak in the rostral region at
around dusk. This is the first study
to show compartmentalisation at
the molecular level within the SCN
regulated by daylength, and raises
an interesting question as to
whether the authors have
identified a possible molecular
substrate for the bi-phasic
patterns of firing rate observed
earlier by Bill Schwartz and
colleagues [13].
So, light input pathways are
apparently organised on a
ventral–dorsal basis within the
SCN, while response to
photoperiod change operates on
a rostral-caudal basis (Figure 1).
The take home message is that in
future, clock biologists are going
to need to be very careful indeed
in defining the precise anatomical
structures within the SCN that
they are studying. It is clear that
future challenges in the field
require definition of the links
between cellular physiology and
neurotransmitter action to the
regulation of the core molecular
oscillator, within this challenging
cluster of time-keeping neurons.
That should keep most of us busy
for the next decade or more.
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